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POLA RIZED LIGHT ILLUMINATION DEVICE _ 

The invention relates to a polarized light 
illumination device. It is applicable for example to the 
illumination of spatial light modulators requiring 
polarized light to be effective. 
5 Some devices, in fact, operate with light linearly 

polarized in a single direction. Such is the case, for 
example, with liquid crystal displays which use liquid 
crystal modulators to allow information and/or pictures 
to be viewed. 

10 In such systems, a number of solutions are possible. 

A polarized light source (laser) can be used, but it must 
offer good polarization stability and provide sufficient 
candle power. 

An unpolarized light source can also be used, but in 
15 this case the two polarizations of the light must be 
separated. The light polarized in a first direction is 
used directly or almost directly. To avoid losing the 
energy carried by the polarized light in a second 
direction perpendicular to the first direction and so 
20 avoid using only half of the power of the light source, 
this light is subjected to processing used to rotate its 
polarization by 90° so that it becomes polarized in the 
first direction. 

For this, a device called a A/4 plate is positioned 
25 on the path of the light to be processed, with the effect 
of rotating the polarization of the light by 90°. It is 
known in the technology that this A/4 plate can take the 
form of a film of polymer material but such a film 
presents the drawback of deteriorating when exposed to 
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heat and in the case of a liquid crystal display, for 
example, considerable power is required to view a screen. 
The A/4 plate can also take the form of a quartz plate. 
However, such a device presents the drawback of not being 
5 achromatic and in the case of color systems this is a 
serious drawback. 

The object of the invention is therefore to produce 
a lighting device with characteristics that are stable in 
temperature and which induces no or virtually no 
10 chromatic distortions. 

The invention therefore relates to a polarized light 
optical illumination device which comprises: 

a light source emitting a first light beam, 
a Fresnel-Rhomb type optical polarization 
15 device receiving, via an input face, the first light beam 
which is reflected at least twice by at least two 
opposite faces of said optical polarization device and 
supplying, via an output face, at least a second beam, 

a reflective polarizer positioned facing the 
20 output face of the Fresnel-Rhomb polarization device to 
receive the second light beam so as to allow the linearly 
polarized light to pass in a first direction and to 
reflect light presenting any other polarization, 

a reflection device positioned between the 
25 input face of the polarization device and the light 
source so as to allow said first light beam to pass but 
to reflect the light returned by the reflective 
polarizer . 

According to an exemplary embodiment of the 
30 invention, this illumination device also comprises: 
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a first optical guide having an input face 
designed to receive said first light beam, an output face 
pressed against the input face of the Fresnel -Rhomb 
polarization device with its optical axis perpendicular 
5 to said input face, the cross section of this first guide 
being roughly of the same dimensions as the surface of 
the input face, 

and a second optical guide having an input face 
pressed against the output face of the Fresnel-Rhomb 
10 polarization device and an output face emitting towards 
the reflective polarizer light received from the source, 
the optical axis of the second optical guide being 
perpendicular to the output face of the Fresnel-Rhomb 
polarization device, and the cross section of this second 
15 guide being roughly of the same dimensions as the surface 
of the input face. 

According to an embodiment of the invention, either 
or both of the guides operate as light integrators. 

The output face of the Fresnel-Rhomb optical 
20 polarization device can be made to have a shape similar 
to that of a surface intended to be illuminated by said 
illumination device. Since the Fresnel-Rhomb polarization 
device has a rectangular or square cross section, said 
optical guides preferably have rectangular or square 
25 cross sections. 

The following arrangements can also be used, 
separately or combined: 

- the reflective polarizer is positioned facing the 
output face of the second guide; 
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the reflective polarizer is oriented at 45° 
relative to said opposite faces of said optical 
polarization device ; 

- the reflection device is located on the input face 
5 of the Fresnel-Rhomb polarization device or on the input 

face of the first optical guide; 

said two or more said opposite faces of the 

Fresnel -Rhomb optical polarization device induce on a 

light beam a total phase shift of 90° between the S and P 
10 polarization components when this beam is passed through 

the Fresnel-Rhomb optical polarization device; 

the reflection device includes a layer of a 

reflective material including a non-reflecting area to 

allow the passage of said first light beam; 
15 - the light source includes a reflector lit by a 

light source and focusing the light in the Fresnel-Rhomb 

polarization device ; 

- the axis of the first light beam coincides with 
the optical axis of the first optical guide; 

20 - said first light beam is not collimated; 

- said first light beam is convergent. 

Finally, the invention is applicable to a display 
system in which a display device is positioned facing the 
reflective polarizer so as to be lit by the light 
25 transmitted by this reflective polarizer. This display 
device can be a liquid crystal modulator. 

The various objects and features of the invention 
will become more clearly apparent from the description 
that follows, given by way of non- limiting example, and 
30 from the appended figures which represent: 
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figure 1, a general exemplary embodiment of 
an illumination device according to the 
invention, 

figures 2a and 2b, a Fresnel-Rhomb 
5 polarization device, 

figure 3, a more detailed example of an 
exemplary embodiment of this device. 

With reference to figure 1, a general exemplary 
10 embodiment of a device according to the invention will 
therefore be described first of all. 
This device comprises: 

- a light source 1 emitting a beam 10 of unpolarized 
light ; 

15 - a light integrating/polarizing device 3/4/5; 

- a reflective polarizer 6 appropriately oriented to 
allow the linearly polarized light to pass in a 
polarization direction; 

- a reflection device 44 located between the light 
20 source 1 and the integrating/polarizing device, this 

reflection device allowing the beam 10 to pass into the 
integrating/polarizing device but reflecting the light 
coming from the reverse direction as is described below; 

- an object 2 intended to be lit by polarized light. 
25 The role of the integrating/polarizing device 3/4/5 

is, on the one hand, to obtain a uniform rectangular 
lighting from a non-rectangular source and, on the other 
hand, to polarize the light as will be described in the 
description that follows. This integrating/polarizing 
30 device 3/4/5 includes, in its central part, mainly a 
Fresnel-Rhomb polarization device 3 known in the art. A 
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description of such a device can be found in the 
publication OPTICS - 2 nd edition - by Eugene HECHT - 
Addison-Wesley Publishing Company, Inc. - 1987. 

This device has at least two faces providing at 
5 least two reflections of an input beam. For example, as 
is shown in figures 2a and 2b, it can be designed in the 
form of a parallelepiped, the lateral faces 35 and 36 of 
which are flat. The input face 3 0 of the device 3 makes 
an angle with the lateral faces such that a light beam 

10 entering into the guide via the input face 3 0 at a near 
normal angle of incidence, is subject to a first 
reflection on a lateral face 35, then a second reflection 
on a lateral face 3 6 opposite to the first, to be 
directed to the output face 31. Preferably, the output 

15 face is roughly at right angles to the direction of the 
output light ray and is therefore parallel to the input 
face 30. The inclination of the device in relation to the 
direction of incidence of the input light beam is 
calculated according to the refractive index of the 

20 material of the device 5 to have the two above 
reflections inside the device and to obtain the operation 
described below. 

The operation of such a Fresnel-Rhomb device is 
based on a double reflection of the light incoming via 

25 the face 30, in which the phase shift of each total 
reflection between the P and S polarizations is around 
45° for an average ray roughly perpendicular to the input 
face 30. Thus, on passage into the device 3, the total 
phase shift between P and S will be 90°. The result is 

30 that, depending on the polarization of the incident light 
beam, the action of the device 3 may be as follows: 
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- for a polarization of the linear input light at 
+45° (amplitude of P and S equal and phase shift between 
P and S zero) , the output polarization will be right 
circular; 

5 - for a linear polarization at -45° (amplitude of P 

and S equal and phase shift between P and S of 180°), the 
output polarization will be left circular; 

- for a right circular polarization (amplitude of P 
and S equal and phase shift between P and S of 90°) , the 

10 output polarization will be linear at -45°; 

- for a left circular polarization (amplitude of P 
and S equal and phase shift between P and S of -90°), the 
output polarization will be linear at 45°; 

- for a horizontal linear polarization, the final 
15 polarization will be unchanged; 

for a vertical linear polarization, the final 
polarization will be unchanged; 

- for any linear polarization (zero phase shift), 
the output polarization will be elliptical but not 

20 circular. 

Therefore, in the case of an unpolarized incident 
beam (beam supplied by the lamp 1) , the light passing for 
the first time into the device 3 leaves mainly 
unpolarized via the face 31. The reflective polarizer 6 

25 is appropriately oriented to allow the polarized light to 
pass in a polarization direction. For example, the 
orientation of the reflective polarizer 6 will preferably 
be at 45° relative to the reflection faces 35, 36 of the 
device 3. The light not transmitted is reflected by the 

30 reflective polarizer 6 which returns linearly polarized 
light in a direction at 45°. In these conditions, the 
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reflective polarizer must be oriented so that the 
direction of the polarization of the reflected light 
makes an angle of approximately 45° with the mean plane 
of incidence on the face 36. 
5 As can be seen in figure 2a, a linearly polarized 

beam has its polarization converted to elliptical 
polarization on the first reflection (on face 36) , then 
to circular polarization on the second reflection (on 
face 35) . This beam is then reflected towards the 

10 interior of the device 3 by the reflection device 44 with 
a reversed circular polarization. In the device 3, the 
light reflected by the device 44 is again reflected in 
the reverse direction by the face 35 with an elliptical 
polarization, then by the face 3 6 with a linear 

15 polarization which is now perpendicular to the 
polarization of the light which had previously been 
reflected by the reflective polarizer 6. This light then 
passes through the reflective polarizer 6 . 

Figure 1 shows that the polarization device 3 is 

20 located between two guides 4 and 5 respectively attached 
to the input face 3 0 and the output face 31 of the device 
3. According to the exemplary embodiment in figure 1, the 
input face 41 of the guide 4 and the output face 52 of 
the guide 5 are roughly perpendicular, respectively in 

25 the input and output directions of the axis of the light 
beam to be processed. The optical guides 4 and 5 have the 
particular feature of operating in integrator mode and 
they are, preferably, parallelepipedal in shape. As shown 
in figure 1, their cross sections can be roughly of the 

30 same dimensions as the input and output faces 3 0 and 31 
respectively of the device 3 . 
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Without this being mandatory, the length of the 
device 3 is calculated so that, for an average ray of the 
beam 10 entering into the device via the center of the 
face 30, the output area of this average ray is 
5 preferably located roughly in the middle of the output 
face 31. 

Furthermore, in the case where the device 2 in 
figure 1, which must be illuminated by the light beam 
being processed, is a spatial light modulator of 

10 rectangular shape, the cross section of the guide 5 will 
advantageously be made roughly the shape of the spatial 
light modulator in a more or less homothetic ratio. 

Furthermore, to make the reflection device 44, the 
input face 41 of the guide 4 or the input face 30 of the 

15 device 3 can be made to reflect the light returned by the 
reflective polarizer 6. A non-reflecting area 43 is 
provided for the passage of the incident beam 10. In the 
example in figure 1, the face 41 of the guide 4 is made 
to be reflecting. 

20 Figure 3 represents a more detailed exemplary 

embodiment of the device according to the invention. This 
device includes a mirror 12 lit by a light source 11 and 
used to inject the light into the guide 4. This mirror 
can be parabolic and the source 11 is located at the 

25 focal point of the mirror. The face 41 is treated to be 
reflective or is provided with a surface 44 to reflect 
the light reflected by the reflective polarizer 6 and 
includes an untreated area 43 to allow the passage of the 
light beam supplied by the source 11 and the mirror 12. 

30 According to a preferred exemplary embodiment of the 

invention, the beam 10 injected into the guide 4 is not 
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collimated and, in particular, it can be convergent so 
that it can be injected into the device 3 via the 
untreated area 43 . The axis of the beam 10 can be 
oriented according to the optical axis of the input guide 
5 4, but this is not mandatory. 

The illumination device according to the invention 
is thus used to supply a linearly polarized light in a 
single direction without having to worry about the 
problems of heating and chromaticity described at the 

10 start of the description. Furthermore, the use of the 
guides 4 and 5 integrating the light with a non- 
collimated incident beam 10 provides a uniform output 
lighting and adapts the shape of the incident beam to the 
surface to be lit. In particular, the cross section of 

15 the output guide can have a shape adapted to the surface 
to be lit. 

In the above description, and in the appended 
figures, the faces 3 5 and 36, on which the reflections 
take place inside the device 3, are assumed to be 

20 parallel. However, according to a variant embodiment, 
they can be made non-parallel but their respective 
orientations must be such that the phase shifts induced 
successively by the reflections on the two faces 3 5 and 
36 are 90° in total (when the light passes through) . 

25 Furthermore, in the above description, it was provided 
that on a passage, through the device 3, the light was 
reflected twice (on the two opposite faces 35 and 36) 
but, without departing from the spirit of the invention, 
a larger number of reflections could be provided, the 

30 objective being that on a passage, a phase shift of 90° 
is imparted on the S and P polarizations of the light. In 
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these conditions, the device 3 could be other than 
parallelepipedal : 

- the faces 3 5 and 3 6 might not be parallel, 

the device 3 might include a larger number of 
5 faces for reflecting the light inside the device. 

Moreover, the reflective polarizer 6 can be pressed 
against the output face 52 of the guide 5 to provide a 
compact device. 

According to a variant embodiment, the object to be 
10 lit 2 can also be pressed against the reflective 
polarizer 6. In the case of a single-valve display system 
where the object 2 is a spatial light modulator such as a 
liquid crystal screen lit by transmission, the dimensions 
of the output face 51 of the guide 5 can be matched to 
15 the dimensions of the part of the liquid crystal screen 
to be lit to provide a compact system. 
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